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Abstract 
This project pretends to be a document that includes all the process of design and manufacture 
of a solar tracker. 
The solar tracker has its performance divided in three main parts; the first that gets 
information from the exterior. This project explains how the sensors that get the external 
information are chosen, the materials which are made of and how are they positioned. The 
second part, which analyses and process this information is done through a microcontroller, 
the document also includes all the microcontroller code with a detailed explanation of it. The 
last part explains how the solar tracker gives a response to this information and how the 
actuators effectively do it.  
As the project includes also de manufacture of the solar tracker all this must be subjected with 
a structure so it includes also a kinematic and a dynamic study of it.  
Moreover a batteries system is done in order to have an autonomous solar tracker capable to 
aliment itself and an external device. The document includes all the necessary steps to 
transform the electrical energy from the photovoltaic panels to charge the batteries and also 
the way the batteries charge the device.  
Finally an environmental viability of the project is done and an economic analysis that 
includes all the expenses of the project and a simulation of the economic viability of the 
project as if someone would decide to invest in the device.  
The project has a lot of parts and performs a lot of different branches of engineering, such as, 
electronic, mechanical or cost engineering. 
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1. Glossary 
 
ST: Solar tracker. 
PV: Photovoltaic. 
MOSFET: Metal Oxide Semiconductor Field Effect Transistor 
LED: Light Emitting Diode 
LDR: Light depending resistor.  
Ma: motor A torque. 
Mb: motor B torque. 
Fa: motor A force. 
Fb: motor B force. 
Ff: frame force. 
Fpv: PV panel force. 
Db: perpendicular distance between motor B and axis A. 
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2. Foreword 
2.1. Motivation 
From his secondary studies at high school, the author of this project has always been very 
interested in renewable energies. In fact at his end final project of baccalaureate he designs a 
windmill for a particular dwelling. So this is one of the first things that motivate him to make 
this project.  
During his entire Engineering carrier at ETSEIB, the author has done lots of subjects, but the 
ones he had more liked are the ones related with the mechanicals and electronics. So that is 
another motivation because the aim of the project is principally electronic but it has also a 
mechanical part. Otherwise, even though he does not like very much the subjects related with 
the industrial organization, he thinks that it is a very important part also at the industrial 
engineering so he decided to complete the project with a final economical study of it.  
Besides the shortage of non-renewable fuel in the future is an upcoming global issue; 
therefore renewable energy such as solar energy is gradually replacing non-renewable energy. 
However, the output power provided via the photovoltaic conversion process depends on 
solar irradiation and the objective of a solar tracker is to increase it, so this topic has a large 
future [1].  
 
 
 
 
 
 
 
 
Pág. 10  Memoria 
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3. Introduction 
3.1. Objectives 
The main objective of the project is to design and build a solar tracker (ST) for a specific 
photovoltaic (PV) panel. Otherwise but not less important, it must be economically viable. So 
the objectives are: 
 
1. Design and build a solar tracker of two axes motorized that maintain a specific 
solar panel orientated always perpendicular to the light that incises it either if it is 
solar light or artificial light. 
2. Despite the main objective of the project proposed is the previous mentioned, it 
would be very successful go beyond and try to design and build an alimentation 
system capable to make the solar tracker independent of any external battery. The 
system must be very efficiency such the solar panel produce enough power to 
aliment all the system, including the motors and an external battery that would 
aliment an electronic device.  
3. Make the solar tracker with the minimum means so that it has an economically 
viability at short-term; it must be amortized in few years. 
 
3.2. Project scope 
The principal function of a ST is to orientate a PV panel and this can be done only with a 
sensor system, an actuator system and something that processes the information of the sensors 
and gives a response to it through the motors. All this must be subjected by a structure. At 
first, the aim of the project was only to design and manufacture all the things mentioned 
above. All that parts are enough to ensure the PV panel is able to do the solar tracking 
movement, but other components can be installed. Normally a ST is an autonomous system, 
given that the PV panel produces electrical energy but it is necessary to design a system 
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capable to transform and store this energy. Although this was not proposed, this project has 
reached this point.  
Even though the most important thing of a ST is the PV panel because is the element capable 
to transform the solar irradiation into electricity this part has not been studied. The reason is 
that the essence of a ST is not the PV panel, but the fact that it is able to move it. The ST of 
this project can support and orient any PV panel of the corresponding dimensions.  
 
3.3. Methodology 
When developing the project the following stages have been followed. 
1st phase: Documentation about PV panels, microprocessors, sensors, motors and all the 
different components required in a solar tracker. Learning how to assembly the Microchip 
code. In this first part some elements were chosen as the motors or the microcontroller, but for 
others, as the sensors, only a first selection was done. 
2nd phase: Choice and orientation of the sensors from making different experiments and 
studies about the ones that in the firs phase were known.  
3rd phase: Firstly study of the different parts of the assembly code separately. Starting with the 
conversion to digital of many analogic numbers, then making the motors rotate and 
proceeding like this for all the different parts of the code. Once all this information was 
assumed the code was written. 
4th phase: Materials selection for the structure, dimensioning, design and dynamic study of 
forces.  
5th phase: Design of a method to charge the batteries from the electric energy that the PV 
panel gives and calculation of the batteries to supply all the ST and an extra device.  
6th phase: Environmental viability and economical analysis studies of the project. 
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4. Solar Tracker 
4.1. Definition 
The energy extracted from a solar PV panel depends on solar insolation. For extraction of 
maximum energy from the sun, the plane of PV panel should always be normal to the incident 
solar rays [2].  
A solar tracker is an electronic device that orients a PV panel toward the sun. Its function is to 
maintain all the time the sun perpendicular to the photovoltaic panel such that it can take the 
maxim profit from the sun. A basic structure for a normal solar tracker could be formed by a 
sensor, a processor of information and an actuator.  
 
4.2. Scheme  
There are different types of solar trackers; some of them memorize the sun trajectory in 
function of the season of the year, others are oriented such that with only one degree of 
freedom can maintain the perpendicularity with the sun and finally some with two degrees of 
freedom. As it is explained before in this case it would be a sophisticate one with two degrees 
of freedom. Therefore, two motors are necessary in order to control two of the three 
dimensions of the space. Each one will act in function a pair of sensors. As you can see at 
figure 4.1, sensors 1 and 2 will condition motor A and sensors 3 and 4 motor B. 
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Figure 4.1: Relation between motors and sensors 
 
So the basic components of this solar tracker are: the own PV panel, four light sensors, the 
two motors, one microcontroller, one package of batteries and the structure that join all these 
components.  
At the following points all these components are studied and presented.  
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5. Sensor system  
There are many electronic components capable to get solar or artificial light and transform 
this gradient of radiation into an electrical signal. Through this project, three of them have 
been taken into consideration. The three ones that are more at my scope and that are 
economic: the photodiode, the Light Dependent Resistor (LDR) and the proper solar panel.  
5.1. Sensor choice 
·The LDR as its names says, is a component that changes its resistance when the radiation that 
incise changes. The resistance of this photoresistor decreases with increasing incident light 
intensity, in other words, it exhibits photoconductivity.  
·The solar panel transforms light into electric energy. As lighter incising on it more electrical 
power provides.  
·The photodiode has been discarded without making any experiment because it is a very small 
component that works with intensities of the order of microamperes, so it requires an 
operational amplificator that complicates the system unnecessarily.  
But the crucial points are, obviously the price, the energy that it requires and the efficiency of 
the component. I consider efficiency as the sensibility to light changes. It requires a 
component that change very accentuated their electrical signal in front a little change of the 
direction of the light that is illuminating it in order to obtain an accurate solar tracker. This is 
the first challenge so the following study is done to solve this point.  
To execute this study nineteen colored lines had been painted on a blackboard inside a 
semicircle as you can see at figure 5.1.  
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Figure 5.1: Study of sensibility of different sensors 
 
The red ones are at 10º and 60º degrees from the horizontal, the yellows at 20º and 70º 
degrees, the green at 30º and 80º degrees, the blues at 45º and 85º degrees and the white one at 
90º degrees, all of them respect the horizontal. The different values of resistivity of different 
LDR had been measured with the help of a protoboard and a multimeter.  First of all with two 
LDR of 50mW and after two more of 80mW. This information is reflected on the next table, 
table 5.1: 
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 Table 5.1: Results of the experiment for the LDR 
 LDR 50mW 
Resistance [ohm] 
LDR 80mW 
Resistance [ohm] 
Without light 10,7 14,6 5,2 1,8 
0o 7,38 11,3 3,17 1,45 
10o 5,8 6,5 2,33 1,18 
20o 4,98 4,7 1,52 0,78 
30o 3,76 4,1 1,4 0,68 
45o 3,16 2,6 1,04 0,61 
60o 2,99 2,35 0,98 0,5 
70o 2,88 2,23 0,9 0,51 
80o 2,79 2,09 1,1 0,48 
85o 2,99 2,2 0,92 0,48 
90o 2,79 2,1 0,9 0,49 
85o 2,92 2,32 0,87 0,48 
80o 3,03 2,66 0,89 0,48 
70o 3,11 2,58 0,96 0,52 
60o 3,23 3,7 0,97 0,53 
45o 4,38 5,42 1,2 0,67 
30o 5,55 7,55 1,79 0,92 
20o 7,26 9,8 2,05 1,04 
10o 8,6 13,7 3,29 1,31 
0o 10,35 14,5 3,14 1,45 
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As you can see, the LDR value does not vary significantly between low and high ranges of 
angle. We can appreciate that sometimes the resistivity decrease when it should increase, for 
example the 50mW LDR does it from 85º to 90º. So the conclusion is that it has a low 
sensibility in front light in this range of angle. However in middle angles these components 
works better. You can see a clear evolution of the resistivity in front light changes. So it is 
important to work in the range from 20º to 70º degrees approximately.  
After this first experiment a mini solar panel was set up to test it. This time the voltage that 
the mini solar panel provides was measured and the results are those in table 5.2: 
 
Table 5.2: Results of the experiment for the mini solar panel 
 Mini solar panel 
Voltage [volts] 
Without light 1,25 1,1 
0o 1,23 1,1 
10o 1,238 1,14 
20o 1,43 1,26 
30o 1,47 1,39 
45o 1,57 1,5 
60o 1,6 1,55 
70o 1,61 1,58 
80o 1,65 1,59 
85o 1,64 1,58 
90o 1,64 1,58 
85o 1,638 1,58 
80o 1,65 1,6 
70o 1,64 1,59 
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60o 1,62 1,56 
45o 1,55 1,52 
30o 1,49 1,42 
20o 1,39 1,32 
10o 1,29 1,21 
0o 1,05 1,1 
 
This time you can see a similar behaviour of the sensibility; as the LDR, it works better at 
middle angle zones but with more accuracy, its behaviour is better than the LDR. But the best 
thing is that it does not need energy to work, in fact it gives electric energy so it is much more 
efficient to the system than the LDR, so for both reasons the mini solar panel has been chosen 
for this solar tracker for the sensors system, figure 5.2 shows one of mini solar panel. 
 
 
Figure 5.2: Sensor: mini solar panel 
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5.2. Positioning 
Due to these experiments and knowing that the objective is to have the solar panel always 
perpendicular to the sunlight the orientation of the mini solar panel respect the solar panel can 
be determinate. The best positioning is the one in figure 5.3; all them inclined 45º respect de 
PV panel: 
 
 
Figure 5.3: Positioning of the sensors 
 
To explain this clearly, two different cases are going to be analyzed in function of the incision 
of the light to the solar panel: in two zones depending on the angle. 
·Imagine that the sunlight contact de PV panel in the range from 0º to 70º degrees as figure 
5.4 show:  
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Figure 5.4: First range of incision of solar rays with PV panel 	  
In this case the system does not need sensibility from de LDR because one of them has a 
lot of sun and the other one does not have, so the system knows very clearly where the sun 
is. When the sun and the PV panel have a relative angle of 45º; one of the sensors would 
be normal to the sun but as it is explained this is not a problem, the other would not have 
sun. 
·Imagine now that the sunlight contact de PV panel from 70º to 90º degrees as figure 5.5 
show:  
 	  
	  
Figure 5.5: Second range of incision of solar rays with PV panel 	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In this other case the system needs a lot of sensibility because more or less the sun incise 
equally at both sensors so it is necessary that the mini solar panels work in ranges near the 
45º degrees. If the orientation of the sensors and the PV panel was parallel the sun rays 
would be normal to the sensors so they would work in a bad zone of sensibility and it 
would be difficult to orientate de PV panel to de sun accurately.  
Once the sensor system is completely defined; component and orientation of it, is time to 
think about how the system is going to analyse the information captured. 
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6. Information processing 
6.1. Microcontroller 
The sensors have the responsibility to capture information and send it to the solar tracker’s 
brain so therefore the motors rotate.     
This task is mandated to probably the most important component of the Solar Tracker, it is the 
heart of the system; an integrated circuit. For this occasion a Microchip has been chosen, 
specifically the PIC 16F690 for many reasons; it is very small, cheap, it has much more 
capacity of processing that what I need and although it is difficult to programme and new for 
me there is a lot of information about it to learn. 
It is an integrated circuit set of electronic circuits on one small plate of semiconductor 
material, silicon. Physically it has 20 pins named as you can see at figure 6.1 and it requires 
5V to be alimented. 
 
 
Figure 6.1: Named pins of the Microchip 
 
All these pins are connected inside in accordance with this scheme in figure 6.2: 
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Figure 6.2: Block diagram of the whole Microchip 
 
Before start working with it a decision should be taken; there are two ways to programme all 
the instructions in these Microchip. On one hand you can program with a common code like 
C++ or python, used at some subjects, and then transform the code into the one that these 
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Microchip can read. On the other hand you can directly Assembly that means programme 
with the code of the manufacturer; this is a specific code unknown for the author of the 
project but it is directly. It is finally chosen this last option because it makes more electronic 
this project, contrary it would be more informatics.  
To get contact with it is useful start making some tests. First of all some analogic to digital 
numbers were converted because it works with digital information. After a motor has been 
rotate as you can see at figure 6.3 and some other tests. 
 
 
Figure 6.3: Testing a motor 
 
6.2. Pseudo-code 
But, what is exactly what is required from the microcontroller? In this point is explained the 
different ideas occurred related with the processing of information and the final choice. 
First of all the situations or relative positions between de sun and the solar panel in function of 
the relative angle were defined. In figure 6.4 you can see some of this configurations, the 
voltage of each sensor, de voltage difference between the two sensors and the degree that the 
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motor should rotate, corresponding to the experiment that is done before in point 5.1 Sensor 
choice. 
 
 
Figure 6.4: Relative positions between de sun and the solar panel in function of the relative 
angle 
 
These sequence would continue until arrive to a relative angle of 90º; five more situations, so 
that is a total of 9 different positions. Then nine more to complete the other 90º and arrive to 
de 180º, but all the values are the same with the difference that the motor should rotate in the 
opposite direction. After all the situations were design the conditions that the microcontroller 
should check for each case were described (all the values in volts and degrees): 
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Figure 6.5: Sign reference of the two motors rotation 
 
1. If 0,34V<S2-S1<0,38V and 1,45V<S2<1,54V  à  Sun 0º  à  motor A rotates +90º  
2. If 0,36V<S2-S1<0,40V and 1,54V<S2<1,58V  à  Sun 10º  à  motor A rotates +80º 
3. If 0,40V<S2-S1<0,43V and 1,58V<S2<1,60V  à  Sun 20º  à  motor A rotates +70º 
4. If 0,43V<S2-S1<0,46V and 1,60V<S2<1,62V  à  Sun 30º  à  motor A rotates +60º 
5. If 0,46V<S2-S1<0,52V and 1,60V<S2<1,62V  à  Sun 45º  à  motor A rotates +45º  
6. If 0,25V<S2-S1<0,34V and 1,60V<S2<1,62V  à  Sun 60º  à  motor A rotates +30º 
7. If 0,08V<S2-S1<0,25V and 1,55V<S2<1,60V  à  Sun 70º  à  motor A rotates +20º  
8. If 0,01V<S2-S1<0,08V and 1,48V<S2<1,55V  à  Sun 80º  à  motor A rotates +10º  
9. If -0,01V<S2-S1<0,01V and 1,50V<S2<1,55V  à Sun 90º à  motor A doesn’t rotates 
 
10. If 0,01<S1-S2<0,08V and 1,48<S1<1,55  à  Sun 100º  à  motor A rotates -10º 
11. If 0,08<S1-S2<0,25V and 1,55<S1<1,60  à  Sun 110º  à  motor A rotates -20º 
… 
18. If 0,34<S1-S2<0,38V and 1,45<S1<1,54  à  Sun 180º  à  motor A rotates -90º 
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Those are all the instructions for motor A, but the other would have the same ones.  
The problem is that this only works with one specific environmental condition. Is possible to 
measure all these constants for different days and save them all in the microcontroller then the 
user will choose the type of day depending if it is sunny or cloudy. At the end, since the solar 
tracker’s functioning is dependent of the weather conditions,  this working methodology was 
discard.  
Then the challenge was to find out a way to orientate the solar panel without depending on the 
weather. It is explained for one motor and their two respective sensors, for the other one 
would be the same. 
First of all the microcontroller compare the values of the voltage of both sensors and 
determinate if the motor should rotate in one direction or in the other: If S1>S2 it should 
rotate as the clock wises and vice versa. Then it starts to rotate and the Microchip saves the 
information relative to which of both sensors has a bigger voltage. After starts comparing 
indefinitely the sensors voltages until it detects that the one which was bigger is now smaller 
or equal to the other, in this case the sun is perpendicular to the solar panel so the motor 
should stop. Given that the motor needs 5 seconds to rotate 90º, this is the maximum time that 
the motor needs to make this action so it is programmed to repeat all the action every 6 
seconds in that way the solar panel would always be perpendicular to the sun.  
 
6.3. Source Code 
In this point is explained how is all the method above programmed with the Microchip code. 
Notice that all the words in quotes are on the block diagram of the Microchip, figure 6.2, or in 
the physical representation, figure 6.1. 
6.3.1. Special function registers 
Before starting is necessary to introduce all the special function registers and the bank where 
they are. See figure 6.6. 
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Figure 6.6: Special function registers 
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6.3.2. Variables saved at the RAM  
First of all some variables that would be used later and save them at the RAM File Register of 
the microcontroller are defined. The first four ones are ‘Sensor1’, 2, 3 and 4 which will be the 
values, in voltage, that the Microchip receives from the four sensors. Also is saved the 
subtraction between ‘Sensor1’ and ‘Sensor2’ as a variable called ‘ResultA’ because these two 
sensors affect motor A. Same for Sensors 3 and 4 in variable ‘ResultB’. It is also saved a 
variable called ‘FirstCarryAxisA’ where the carry of the subtraction is saved. If the 
subtraction ‘Sensor2’-‘Sensor1’ is positive the microcontroller creates a temporal variable 
called ‘C’ with a value of 1. Otherwise the value of ‘C’ is 0. The problem is that ‘C’ is not 
saved anywhere and the carry is necessary to be saved trough a rotation, as it is explained 
after, the information that contains the carry is saved in ‘FirsCarryAxisA’. Concluding, this 
variable will be 00000001 if the subtraction is positive and 00000000 if the subtraction is 
negative. Same for sensors 3 and 4 with variable ‘FirstFirsCarryAxisB. Then appears the 
variables ‘CarryAxisA’ and ‘CarryAxisB’ that are the same concept but for the next 
iterations. Finally the variables ‘countA’ and countB’ have been created to facilitate the 
movement of both motors as it is showed after.  
 
 
 
6.3.3. Entrances and exits of bits 
Once all the variables are defined is time to indicate the microcontroller, which pins are 
entrances of bits and which ones are exits of bits. Each motor requires four electrical signals 
that are connected to the Microchip. Motor A will be connected to port B and motor B to port 
C, so these two ports will be exit ports of the microcontroller. 
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On the other hand we will have four entrances, one for each sensor. Port A is selected for 
these entrances. In this case it is indicate only the four particular pins of port A that are in use, 
contrary as with motors that all pins were selected as exits.  
 
The four entrance values would be analog because they provide from the sensors so it is 
necessary to indicate it: 
 
 The values will oscillate between 0,5 and 2,5 volts depending on the light incising so it 
requires a conversion to digital. Figure 6.7 shows the analog to digital converter (ADC) block 
diagram of the microcontroller. 
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Figure 6.7: Analog to digital converter block diagram 
 
It is necessary to make a previous configuration of the ADC before start converting any value 
and the necessary function registers are the ADCON0 and the ADCON1. See figures 6.8 and 
6.9. 
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Figure 6.8: Analog to Digital Control Register 0 (ADCON0) 
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Figure 6.9: Analog to Digital Control Register 1 (ADCON1) 
 
When configuring and using the ADC the following functions must be considered: 
• Port configuration 
• Channel selection 
• ADC voltage reference selection 
• ADC conversion clock source 
• Results formatting 
 
6.3.3.1. Port configuration 
The ADC can be used to convert both analog and digital signals. When converting analog 
signals, the I/O pin should be configured for analog by setting the associated TRIS and 
ANSEL bits. To enable the ADC module, the ADON bit of the ADCON0 register must be set 
to a ‘1’, see figure 6.8. Setting the GO/ DONE bit of the ADCON0 register to a ‘1’ will start 
the Analog-to-Digital conversion. So it will have a ‘0’ and it will be activated when the 
conversion is needed with a ‘1’ in the code. 
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6.3.3.2. Channel selection 
The CHS bits of the ADCON0 register determine which channel is connected to the sample 
and hold circuit. When changing channels, a delay is required before starting the next 
conversion. So it would be one for each of the four channels, for the channel AN3, for 
example, the CHS3, CHS2, CHS1, CHS0 would be 0011 as you can see at figure 6.8.  
 
6.3.3.3. ADC voltage reference selection 
The VCFG bit of the ADCON0 register provides control of the positive voltage reference. 
The positive voltage reference can be either VDD or an external voltage source. In this case it 
will be powered by the VDD as the whole circuit so with 5 volts. The negative voltage 
reference is always connected to the ground reference. This is embodied with a ‘0’ in the 
VCFG bit of the ADCON0 register, see figure 6.8. 
 
6.3.3.4. ADC conversion clock source 
The source of the conversion clock is software selectable via the ADCS bits of the ADCON1 
register, see figure 6.9. There are seven possible clock options: 
• FOSC/2 
• FOSC/4 
• FOSC/8 
• FOSC/16 
• FOSC/32 
• FOSC/64 
• FRC (dedicated internal oscillator) 
The time to complete one bit conversion is defined as TAD. One full 10-bit conversion 
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requires 11 TAD periods as shown in figure 6.10. I have tried FOSC/4 because its leftovers 
for this application so ADCS2, ADCS1 and ACDS0 will be 100, see figure 6.9.  
 
 
Figure 6.10: ADC TAD Cycles 
 
6.3.3.5. Result formatting 
The 10-bit A/D conversion result can be supplied in two formats, left justified or right 
justified. The ADFM bit of the ADCON0 register controls the output format. Figure 6.11 
shows the two output formats. In this case the left justified is tried, with a ‘0’ in the ADFM, 
see figure 6.8, because it leaves the two bits less significant otherwise it would leave the two 
more significant. 
 
 
Figure 6.11: Results output formats 
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Collecting all this information the ACDON1 is ‘01000000’ for all entrance; notice that 
ACDON0 will be different for each sensor: 
 
The system is now ready to start the conversion. Four-extern files have been created for each 
conversion because the source code requires these conversions more than once so in that way 
all will be tidiest and less repetitive. So as it is said, the code will call the conversion 
functions. 
 
Inside each file is the conversion for all the sensors. For example for sensor 1 the ACDON0 is 
‘00001101’.  
 
So the program have now the 4 values of the sensors converted. It is time to compare it and 
make the motors move. 
 
6.3.4. Motors rotation 
It starts comparing sensor 1 and sensor 2 in order to move motor A. 
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In case, for example, that sensor 1 is bigger the program will read the corresponding lines. 
First of all the motor starts rotating indefinitely clockwise, then the program will recall the 
‘StartConvSensor1’ and ‘StartConvSensor2’ functions in order to receive new values from the 
sensors since the solar panel is rotating so the values will change. Then it makes a new 
subtract and it looks if sensor 1 is bigger to sensor 2 or not through the carry. If it is still 
bigger, the program repeats this steps until sensor 2 is bigger, then it will get out of the loop 
and the code will move to analyse sensor 3 and 4 in order to move motor B. 
 
If at the beginning sensor 2 had been bigger the program would act equally changing the 
corresponding things at the code.  
 
The external files that make motor move as clockwise or counter clockwise are very similar. 
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The motor needs to receive four signals (IN1 to IN4) from the microcontroller so a motor 
driver PCB is used to connect the motor to the microcontroller. In this case the ULN2003 
stepper motor driver has been used because it is one of the cheapest and simplest ones and it 
is enough for the requirements that the motor needs. The following codes define the step 
commands and binary codes are at table 6.1: 
   · 8 Step : A – AB – B – BC – C – CD – D – DA 
   · 4 Step : AB – BC – CD – DA (Usual application) 
 
Table 6.1: Combinations of bits for the IN1 to IN4 entrances of the motor deriver PCB 
 
 
 
 
 
 
 
 
As you can see there is the possibility to make the motor rotate in 8 steps or in 4 but for the 
precision the system requires with 4 steps is fine. So now the idea is to send the four bits in 
lines AB, BC, CD and DA with a time space between each of them. This time spacer is done 
by another function called ‘delay10000u’ because it make a space of time of 10000 µs; the 
motor frequency is of 100Hz (0,01s) and the microcontroller spend only one µs reading each 
line.  
Step IN4 IN3 IN2 IN1 
A 0 0 0 1 
AB 0 0 1 1 
B 0 0 1 0 
BC 0 1 1 0 
C 0 1 0 0 
CD 1 1 0 0 
D 1 0 0 0 
DA 1 0 0 1 
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In function of the order the motor receive the bits it would rotate as or counter clockwise. For 
example in the case that it must rotate as clockwise the order would be AB-BC-CD-DA, 
otherwise DA-CD-BC-AB. 
 
Note that the 15 of the ‘counterB’ is to repeat all theses instructions 15 times so the motor will 
rotate 1.3 degrees (15/4096*360)=1,3. 
When the code finish reading the instructions of ‘Sensor1Bigger’ or ‘Sensor2Bigger’ it starts 
analysing sensor 3 and 4 and it makes exactly the same process but now motor B rotates.  
 
6.3.5. Cycle 
Once all this process is finished the PV panel should be perpendicular to the sun or the light 
that falls upon it but obviously this will change so the program will read all the entire code in 
order to reorient the PV panel every 5 seconds.  
To do that the code will ‘sleep’ the microcontroller and the function WDTCON would awake 
it. See figure 6.12. 
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Figure 6.12: Watchdog timer control register 
 
To have a time space of 5 second its required a relation of 1:1024 so WDTPS3 to WDTPSO 
is ‘01010’ then SWDTEN bit will be ‘1’ in order to turn it on. 
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All the code is turned over to the microcontroller trough a Pick it 2. The whole scheme is the 
following in figure 6.13 and the real circuit welded is in figure 6.14. 
 
 
Figure 6.13: Complete scheme of the ST 
 
 
Figure 6.14: Sensors, motors and microcontroller welded 
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7. Actuation 
As it is explained before the PV panel is controlled by two motors, one for each axis of the 
two rotations the PV panel has.  
It has been used two motors that woks step by step because, although they have not got a high 
precision, they are enough for this application. Notice at the extract from the data sheet that its 
precision is 5,635º/64=0,087º. All the features of the motor are at figure 5.1 that is an extract 
of the data sheet [3]: 
 
 
Figure 7.1: Extract form the motors data sheet  
 
As it is showed it needs 5V DC to work. That is not a problem because, as it is explained after 
at the alimentation point, the PV panel is enough to supply a device that requires also 5V DC 
so it would be powered with the same battery. Remember that the microprocessor needs also 
5 V DC so it will also be connected to this battery.  
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It is very important also, when choosing the motor, the parameter ‘In-traction Torque’ that in 
this case its maximum value is of 34,3mN·m. This will be necessary to dimensioning the 
structure. 
Figures 7.2 and 7.3 show the motor and the driver physically. 
 
 
Figure 7.2: Motor and driver 
 
 
Figure 7.3: Motor dimensions in millimetres 
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8. Alimentation system 
As is mentioned at the objectives, one extra challenge was to achieve an autonomous ST that 
does not require any external source of electricity. As the PV panel cannot store electric 
energy, a package of batteries is necessary.  
8.1. Batteries charger 
At first is necessary to design an electronic circuit capable to charge the batteries package 
with the energy providing form the PV panel. For the reason explained below the package of 
batteries is composed of 3 batteries AA type that requires a minimum of 1,6V each to be 
charged, so 4,8V in total, and a maximum and constant intensity of approximately 200mA. If 
the intensity is higher or not constant the batteries can be damaged over time, that is why is 
necessary a current regulator. For this application the LM317 regulator has been chosen.  
The LM317 is an adjustable three-terminal positive-voltage regulator capable of supplying 
more than 1,5A over an output-voltage range of 1,25V to 37V. It is exceptionally easy to use 
and requires only two external resistors to set the output voltage. This device includes on-chip 
current limiting thermal overload protection, and safe operating-area protection.  
 
8.1.1. Regulator INPUT 
The catch is that this regulator requires an input between 6,5V and 40V to work properly and 
each PV panel has a nominal voltage of 1,5V. With the help of two BOOSTs the following 
scheme has ben designed in order to get 10V and be between the 6,5V and 40V required by 
the regulator.  
Each BOOST requires a minimum of 1V according to the manufacturer but it does not 
specify any particular current. With the current given by the PV panel is necessary a 
minimum of 2,6V to each BOOST. Once they work, they give a fixed voltage of 5V each one. 
So two small PV panels are connected in series between and alimenting one BOOST, so it 
receives 3V from the PV panels, enough voltage. Notice that the voltage the PV panels gives 
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deepens on the sun’s intensity but it is sufficient to feed the BOOST during at least 10 hours a 
day. Even though this is not enough for the regulator so it is necessary to add two more small 
PV panels and another BOOST in order to connect both BOOST in series and get the 10V 
(Vi) required. All four little PV panels form the PV panel. See figure 8.1. 
 
 
Figure 8.1: Regulator alimentation 
 
8.1.2. Regulator OUTPUT 
The manufactures themselves propose various applications for this electronic device and one 
of them is the following in figure 8.2. 
 
Design and manufacture of a solar tracker  Page 47 
 
 
Figure 8.2: LM317 regulator application 
 
The regulator maintains always the Vref at 1,25V as is shown at figure 8.2. The objective is to 
have approximately Vo=5V in order to supply the 4,8V that the batteries require. The way to 
achieve this target is choosing the correct R1 and R2 values. The manufacture also gives the 
following expression: 
Vo = Vref · (1 + R2/R1) + (Iadjust · R2) 
Because Iadjust typically is 50µA, it is negligible in this application. So finally the expression 
used is: 
Vo = Vref · (1 + R2/R1) 
Moreover there is another restriction necessary; I1 must be 10mA for reasons explained 
below. So R1 is fixed to: 
1,25V = R1 · 10mA   à   R1 = 125Ω 
Once R1 has a value, R2 can be fixed as: 
5V = 1,25V · (1 + R2/R1)   à   R2= 3 · R1 = 375Ω 
So there are now 5V at Vo. The next problem to solve is the current that circulates trough the 
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batteries. The regulator gives the current that the electric charge connected requires with the 
maximum value mentioned of 1,5V but the batteries accept a maximum of 200mA so is 
necessary to fit this current. The following circuit in figure 8.3 makes this. It is an extension 
of the regulator circuit. 
 
 
Figure 8.3: Circuit that fixes 200mA 
 
The values of the different intensities in stationary are:  
I1=10mA 
I2≃0A  (because R2 is bigger than the resistance offered in its nearest branches). 
Iadjust≃0A  (50µA are negligible in front of the other currents). 
IBAT=200mA 
ILED=10mA  (because Iadjust and I2 are negligible. This is the reason why R1=125Ω has been 
chosen; the LED needs 10mA to turn on.). 
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The operation method is the following. The regulator gives Vo=5V as it is explained, then the 
battery begin been charged so it requests some current from the regulator and this current 
increases until it arrives at 200mA, just the current that the batteries need. The reason why this 
current stopped growing when it arrives at these 200mA is the following; the 200mA pass 
through R4 and choosing a R4=3Ω the voltage in poles of it is of 0,6V (0,6V=3Ω·0,2A). 
Taking this 0,6V and adding R3 with a value of 470Ω the MOSFET saturates. A current 
mosfet like the one used ensures a voltage of 0,5V between the collector and the transmitter 
pins, in saturation. Moreover the LED will light up because 10mA passes through it and will 
also produce a voltage of 3V between its pins. Finally if the sum of all these voltage values is 
done, it is seen how the batteries have 4,75V: 
Vo = 0,5V + 3V + 1,25V = 4,75V 
Concluding, thanks to the MOSFET and to choosing correctly the values of R3 and R4 is 
possible to have these 4,75V with a fixed current of 200mA. The circuit enters in equilibrium. 
Figure 8.4 shows all these voltages: 
 
 
Figure 8.4: Voltage sum 
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This whole circuit acts as an auto regulator of current. It fixes the current at 200mA with a 
voltage of 4,75V enough to charge the battery.  Once the battery is completely loaded IBAT 
starts decreasing because the battery does not require current so the voltage in R4 decreases 
too and this produces that the MOSFET gets out of the saturation point and also that the LED 
turns off.  
This circuit added to the regulator has another function. Notice that there is another case in 
which the LED turns off; when the PV panel does not receive solar irradiation it does not 
aliment the regulator and there is no voltage neither current at the circuit so is then when the 
LED turns off.  
Concluding, the LED is a mechanism to indicate if the battery is charging or not either 
because it has finished or because there is not enough solar irradiation. At the time the LED 
turns off the battery is disconnected from the circuit through the mechanical interrupter INT 
in order to avoid electric leaks produced by the resistances of the circuit.  
  
 
As it is explained all the alimentation system is an extra part of the project, is for that reason 
that it is not completely developed. Lots of improvements can be done. One of them could be 
to process the information of the voltage between the LED and use an electrical switch in 
order to make the process of disconnect the batteries form the regulator automatic. 
 
8.2. Batteries capacity 
Finally is necessary to explain why three AA batteries have been chosen for this ST. The 
batteries have to be capable not only to feed the ST, which includes the two motors and the 
microcontroller, but also an electric device and all them need about 5V. As it is explained that 
these batteries in parallel require a voltage of 4,8V that is a perfect value. Moreover they give 
1,2V each, so 3,6V in total. Remembering than the BOOSTs require a minimum of 2,6V it is 
seen that they reach this value in order to get the 5V form the BOOST. The device has always 
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approximately 5V even if the batteries are connected to the regulator or not. 
   
As it is said, at the batteries poles are approximately 4,75V when the regulator is connected to 
the battery. The microcontroller, the two motors and the electric devices are connected in 
parallel in order to consume the 4,75V all them. 
·For the microprocessor this voltage value is leftover so it needs a minimum of 2V. 
·The two motors require approximately 5V to work properly so it is also enough. 
·Finally the device being loading should require also 5V; it is enough to charge a smartphone 
or a tablet, among many others.  
 
As the four components are connected in parallel the current is divided between all of them. 
When the batteries are being loaded the current is about 200mA and when they are 
disconnected, the current given by the batteries is totally designated by the electronic device 
because if the batteries are disconnected it means that de PV panel is not working so it is not 
necessary that the motors and the microcontroller work. In this last case the current given by 
the batteries is 0,5A. Let’s study both cases. 
 
8.2.1. Regulator connected to batteries 
In this case the current received by the four elements is 200mA of these 11μA are destined to 
the microcontroller so it is negligible and each motor needs 200mA, bearing in mind that they 
never work together it is just the current necessary. Is seems as if the electronic device would 
not have current, but taking in consideration that the motors move once every 15 minutes 
approximately and they do it for a maximum of 5 second it is seen that the rest of the time 
these 200mA are designated to the device. A current smartphone is usually charged with 
500mA so in this case it charges slowly, but not much more.  
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8.2.2. Regulator disconnected to batteries 
In this other case all the current is indeed to the electric device, so the microcontroller and the 
motors do not work. The batteries starts giving 0,5A that is a perfect current for de device, but 
this current starts to decrease slowly when the device starts loading. So what happens is that 
the device starts charging very fast and as it becomes to be charged it slows down. 
Experimentally is proved that a mobile phone charges faster with the batteries than when they 
are connected to the regulator.  Regarding to the voltage, the three batteries give 3,2V so it is 
necessary to connect a BOOST between the batteries and the device. Notice that when 
batteries and regulator are connected this BOOST receives the 4,75V from the circuit, but that 
is not a problem; if it has between 2,6V and 5V it works properly. Finally mention that a 
second switch INT2 has been introduced in order to disconnect the batteries from the BOOST 
and avoid the electrical leaks that the BOOST produces when there is no device connected.  
 
The final scheme of the whole batteries system is the following in figure 8.5 and the real 
assembly on a breadboard in figure 8.6. 
 
 
Figure 8.5: Alimentation system 
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Figure 8.6: Batteries system assembled on a breadboard 
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9. Structure 
The structure has two challenges. On the one hand it is necessary to design something that 
allows the two motors to rotate the PV panel in the two axis, this is the kinematics. On the 
other hand this structure must resist the weigh of all the components, and more difficult than 
that, the torque of the motors must be higher than the torque that the weight of the structure 
gives; the dynamic part. All the parts of the structure are named at figure 9.1. 
 
 
Figure 9.1: Structure parts 
 
9.1. Kinematics  
The challenge of this part was to get a motor that rotates relative to the movement of the 
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other.  That is possible making the stator of one of them solidary to the rotor of the other. 
After some designs, this relative movement was solved with the following design; see figures 
9.2, 9.3, 9.4 and 9.5. 
 
    
      Figure 9.2: Structure; Standard position          Figure 9.3: Structure; Rotation of motor A  
 
     
   Figure 9.4: Structure: Rotation of motor B             Figure 9.5: Structure: Random position 
 
There are two holes, one on the top of the left column and the other, more visible, on the 
frame. Those wholes support the stators of the two motors. The stator of motor A is solidary 
to the column and its rotor to the frame. On the other hand the stator of motor B is solidary to 
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the frame and its rotor is fixed to he PV panel. Notice that the frame and the PV panel are 
subjected among themselves only by an axis that is collinear to the rotor of motor B. Same 
happens with the frame and the columns but with motor A rotor. 
 
9.2. Dynamics   
The critical point of the dynamic study is the torque of the motors. As the data sheet shows 
each one can support a torque of 34,3 mN·m. Notice that PV panel is not a square, but is a 
rectangle of 24,6x13 cm. The first decision was to choose if motor A was at the short side or 
at the longer. At figures 9.1 to 9.4 is seen that motor A is critical than motor B because it has 
to support the PV panel, the frame and motor B, contrary motor B is only supporting the PV 
panel. So motor A is on the short side in order to have motor B as close as possible to axis A 
and then it would has a smaller torque. 
9.2.1. Motor A 
The torque force that it must support is the sum of the torque that the following forces in 
figures 9.6 and 9.7 make: 
Ma: motor A torque. 
Fb: motor B force (including the piece of wood that subjects it). 
Ff: frame force. 
Fpv: PV panel force. 
Db: perpendicular distance between motor B and axis A. 
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Figure 9.6: Isometric view of motor A forces         Figure 9.7: Front view of motor A forces 
 
As it is seen at figures 9.6 and 9.7 the Ff and Fpv forces does not make any torque to axis A 
because they pass through it. So Fb is the only force that motor A must support: 
Ma = 34,3 mN·m = 0,0343 N·m 
Fb = 0,035 Kg · 9,81 m/s2 = 0,343 N 
Db = 0,069 m 
Ma > Fb · Db 
0,0343 N·m > 0,0236 N·m 
It is prove that motor A can support the torque of all the forces. Notice that this calculation is 
made analysing the worst-case scenario, which is taking the biggest distance Db, the case that 
is represented in figures 9.6 and 9.7. 
 
9.2.2. Motor B 
As it is mentioned before, this motor must support les forces. See figures 9.8 and 9.9. 
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Mb: motor B torque. 
Fpv: PV panel force. 
 
 
Figure 9.8: Isometric view of motor B forces 
 
Figure 9.9: Front view of motor B forces 
 
The only force acting now passes trough axis B so it does not make torque.  
 
Figures 9.10 and 9.11 show the real structure built. 
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Figure 9.10: Standard position of the real structure 
 
 
Figure 9.11: Random position of the real structure 
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10. Environmental viability 
In one hand we have to consider how recyclable the materials of the solar tracker are, how 
they contaminate and the costs of this recycling process to the user.  
The solar tracker is composed of very different materials from the structural wood to the PV 
panels so a study of the different ways of recycling each material has been done.  
·PV panel: first of all is necessary to know that a PV panel is not classified as a dangerous 
residue because the percentage of dangerous substances is below of what the UE regulation 
admits. Even so the materials that compose a PV panel, glass, aluminium, silicon or copper, 
are not biodegradables so they need a recycling process. The best and used way to do that 
starts separating the aluminium frame from the module. After a mechanic o thermic process is 
applied in order to separate the different fractions, finally a chemical process is applied [4]. So 
the final materials that are recycled are the glass, the aluminium, the copper of the cables and 
other contacts, the silicon and other valuable semiconductors that can be used to make new 
PV panels or other things. Even though there are few residues because it is in fact a new 
technology, the number of these residues is growing.  Is for that reason that in 2007 a Europe 
association, called PV Cycle, was created [5]. The members collect voluntarily old PV panels 
in order to recycle them. So resuming it can be consider that the PV panel from the ST does 
not have any negative impact to the environment when its cycle live ends and they have not 
any costs at that time.  
·Batteries: this is the only part of the ST that contains contaminant substances, but it is a very 
common component and the society is very aware with its recycling. There are specific bins 
only for batteries so it is easy to recycle them and also free.  
·Electrical components: the electrical components used at this ST (microcontroller, motors, 
boost, electric wire, etc.) have not got any contaminant substance so the way to recycle them 
is easy and free.   
·Structural wood: the wood used to the structural part is current plywood so it is very easy to 
recycle and of course it is free. 
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·Metal parts: the ST also has little metal parts as the cloves or bolts which are also very easy 
of recycle and its recycling is free.  
On the other hand, if we talk about environmental repercussion we must take into account that 
the ST is a renewable energy generator. The energy that one can produce is very small but this 
project can be extrapolate to a bigger ST which could produce a lot of energy or maybe if it is 
considered lots of ST of this size the amount of energy that would be saved is not negligible.  
So to have a reference of the amount of energy that can be saved, here is estimated with a 
fictitious forecast of ST sales.  
At the end of the year 2013 were 47.129.783 [6] habitants at Spain. If we imagine that the 
75% [7] of this population uses mobile phone we find that 35.347.337people have mobile 
phone. With the supposition that the 40% of these people buys the ST would be a total of 
14.138.935 ST users. Although 60 days a year rains in Spain [8] the users would be able to 
charge their devices every day of the year due to the batteries that store the energy.  
On the other hand, nowadays a current mobile phone requires 4 W of power to be charged 
and it lasts about one hour [9] so it requires 4 Wh = 0,004 kWh each day.  
So the energy saved every year at Spain, only charging mobile phones would be: 
 0,004 kWh·user·day · 365 days/year · 14.138.935 users = 20.642.845,1 kWh/year  
If we extrapolate these numbers to the entire world, the energy saved grows exponentially.  
Notice that these is just an example with fictitious numbers only to get an idea of the amount 
of energy we can saved with the given conditions of ST sales.  
Depending on the source of energy the CO2 emissions that would not be sent to the 
atmosphere would be [10]: 
·Coal Power Plant:  
0,95 KgCO2/kWh · 20.642.845,1 kWh/year = 19.610.702,84 kgCO2/year 
·Combined Cycle Power Plant of Natural Gas:  
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0,37 KgCO2/kWh · 20.642.845,1 kWh/year = 7.637.852,68 kgCO2/year 
·Power Plant Fuel and Gas:  
0,70 KgCO2/kWh · 20.642.845,1 kWh/year = 14.449.991,57 kgCO2/year 
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11. Economical analysis 
In this point is seen an analysis of costs and viability of the project. 
11.1. Budget 
The final budget is disaggregated in different budgets. See table 11.1. 
 
Table 11.1: Budget disaggregated 
Project budget Study and analysis by the engineers 
Execution project budget Creation of the code 
Assembly of the ST 
Materials for the ST 
Investment budget 
Running budget Maintenance of the ST 
Electric energy 
Dismantling budget ST recycling  
 
11.1.1. Project Budget 
It consists on the hours that the designers and the engineers spend designing the project, 
defining how would all be, the materials that are going to be used and the components also. It 
is all projected on CAD and some schemes. In this case the engineer and designer is a student 
that has just finished its studies with the help of a tutor. 
·Young engineer: it is estimated that this part have required about 200 hours, and that a recent 
engineer can be paid with 15€/h. 
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·Tutor: the hours that the tutor has dedicated to this project are approximately 8 and they are 
paid with 50€/h. 
·Materials: this phase of the project it only has required an old computer from the school that 
can be considered completely amortized and two free programs. So this phase has no 
materials costs.  
 
Table 11.2: Project Budget 
Concept Number Cost 
Young engineer 200 h 3.000 € 
Tutor 8 h 400 € 
Materials  0 0 € 
Subtotal 3.400 € 
Taxes 21 % 714 € 
Total 4.114 € 
 
 
11.1.2. Execution project budget 
In this phase is time to materialize all the things that have been designed. First of all is 
necessary an engineer or an computer scientist in order to write the code with the functions 
designed in the previous point. It is also necessary the materials to make de ST and an 
operator for assembly the ST. In this case the student has done the informatics and operator 
tasks.  
·Young engineer: it is estimated that this part have required about 145 hours (140h to write the 
code and 5h to assembly the ST), and that a recent engineer can be paid with 15€/h. This is 
the sum of the time to assembly and the time needed to write the code.  
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·Materials: on the one hand there are the materials that are physically on the solar tracker or 
they have been used to make it; all the structure, the PV panels, electrical components, etc. On 
the other hand there has also been used other devices from the school that are completely 
amortized because they very old so they are considered zero cost. These devices are: a 
computer, an electric welder, a breadboard and the Pick it 2. There is also the code assembly 
program but it is free so it does not add any costs.  
 
Table 11.3: Execution project budget 
Concept Price Number Cost 
Young engineer (code) 15 €/h 140 h 2.100 € 
Young engineer (assembly) 15 €/h 5 h 75 € 
Materials:  
Microcontroller 1,55 € 1 1,55 € 
Motor and driver 1,75 € 2 3,5 € 
PV panel 13,36 € 4 53,44 € 
Sensor 0,43 € 4 1,72 € 
LDR 0,05 4 0,2 € 
Prototype Universal FR-4 Glass 0,38 € 1 0,38 € 
DIP 20 pins 0,19 € 1 0,19 € 
Plywood play  11,6 € 1 11,6 € 
Cloves 2,95 € 1 2,95 € 
Electric wire 8 € /100m 25m 2 € 
Welder material 15 €/100g 9,5 g 1,42 € 
Boost 0,47 € 3 1,41 € 
Batteries 6 € 1 6 € 
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Electrical resistors  0,04 € 4 0,16 € 
LED 0,2 € 1 0,2 € 
Current regulator LM317 0,75 € 1 0,75 € 
Mosfet 0,5 € 1 0,5 € 
Computer 0 € 1 0 € 
Electric welder 0 € 1 0 € 
Breadboard   0 € 2 0 € 
Pick it 2  0 € 1 0 € 
Total materials 87,97 € 
Subtotal  2.262,97 € 
Taxes 21 % 475,22 € 
Total 2.738 € 
 
 
11.1.3. Investment budget 
This shows the initial investment that must be done to weigh out the ST. 
 
Table 11.4: Investment budget 
Project Budget 4.114 € 
Execution project budget 2.738 € 
Investment budget 6.852 € 
 
 
Design and manufacture of a solar tracker  Page 69 
 
The following graphic (figure 11.1) compares the different costs of the investment:  
 
 
Figure 11.1: Scheme of the investment costs 
 
11.1.4. Running budget 
This point take into account all costs that the ST will need during its life.  
·Batteries: considering that anything breaks the only part of the ST that wears down are the 
batteries, as time passes the autonomy of them decreases so this would reduce the ST 
efficiency. The ST may need 3 batteries during all its useful life. 
·Electric energy: most of the projects require an electric consumption, but in this case, the ST 
not only no require any electric source but it produces electrical power. Considering useful 
only 10 hours of sun light with a mean of 5 V and 200 mA the power produced each day 
would be: 
5V · 0,2 A · 10 h = 10 W·h = 0,01 kW·h 
So if it is considered a useful live of the ST of 20 years, for having a reference, and 
considering that in Spain rains in mean 60 days a year [], the energy saved would be: 
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0,01 kW·h · 305 days·20 years = 61 kW·h 
Finally knowing the kW·h price, 0,14 €/kW·h [], the final amount of money saved is: 
61 kW·h · 0,14 €/kW·h = 8,54 € 
It a very few amount of money, but the aim of the project is not making a device that save the 
user money, it is only calculate to see that it save energy instead of spend it. Notice that is has 
a negative value at the table because is a table of costs.  
 
Table 11.5: Running budget 
Concept Price Number Cost 
Batteries  4,6 € 3 13,8 € 
Taxes 21 % 2,9 € 
Subtotal 16, 7 € 
Electrical energy -8,54 € - -8,54 € 
Total 8,16 € 
 
 
11.1.5. Dismantling budget 
As it is explained at the environmental viability there is no cost to assume when the ST ends 
its service. All materials can be recycled for free.  
 
11.2. Economic viability of the project 
In case any businessman wants to merchandise the ST, a marketing simulation is necessary. 
Taking the objective of amortize the business of selling ST in four years, is necessary to price 
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the product and define the number of ST that should be sell each year. Here is an example 
simplifying some terms, only to get an idea. The inversion recuperation is calculated through 
the VAN as table 11.6 shows. 
·Study and analysis = 4.114 € (see point 8.1.1) 
·Creation of the code = 2.100 € (see point 8.1.2) 
·Marketing = Investment · 4% = (4.114 + 2.100) · 0,03 = 186,42 € [11] 
·Assembly of the ST = 75 €/ST · Number of sales (see point 8.1.2) 
·Materials = 88 €/ST · Number of sales (see point 8.1.2) 
·Sales = 185 €/ST · Number of sales 
    -First year: Sales = 185 €/ST · 70 ST sales = 12.950 €  
    -Second year: Sales = 185 €/ST · 80 ST sales = 14.800 € 
    -Third year: Sales = 185 €/ST · 90 ST sales = 16.650 € 
    -Forth year: Sales = 185 €/ST · 100 ST sales = 18.500 € 
 
Table 11.6: VAN analysis 
 
Year 0 1 2 3 4 
Investment 
Study and analysis - 4.114 € 0 € 0 € 0 € 0 € 
Creation of the code - 2.100 € 0 € 0 € 0 € 0 € 
Marketing  - 186,42 € 0 € 0 € 0 € 0 € 
Continuous 
cost 
Assembly 0 € - 5.250 € - 6.000 € - 6.750 € - 7.500 € 
Materials 0 € - 6.160 € - 7.040 € - 7.920 € - 8.800 € 
Benefits Sales 0 € 12.950 € 14.800 € 16.650 € 18.500 € 
  Cash flow - 6.400 € 1.540 € 1.760 € 1.980 € 2200 € 
  Cumulative cash flow - 6.400 € - 4.860 € - 3.100 € - 1.120 € 1080 € 
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So if a marketing study demonstrate that is possible start selling 70 ST a year with an 
increment of 10 each year, for 185 €/ST in four years the investment will be amortized with a 
benefit of 1080€. 
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Conclusions 
In this project a solar tracker has been designed and built. Once it was finished and analysing 
the results obtained from the ST construction it can be extracted that the ST works properly 
and does just what it was built to.  
The final prototype is orientated perpendicular to the sun with a sensibility of two degrees and 
it does it every 15 minutes. 
 
Moreover the final prototype is capable to charge an electric device and aliment itself with 5V 
and 500mA if the batteries are charged or with 5A and 200mA if they are not charged but 
there is a minimum of sun radiation. This was an ambitious objective given that the PV panels 
used are very small; this has been possible through the efficiency of the charging system 
designed. Even so this system can be improved in different ways. The first thing could be to 
automatize the disconnection from the batteries form the system trough and electronic switch. 
This improvement is not done because the charging system is out of the project scope and it 
has been done as an extra challenge.   
The main objective of the project was to achieve a ST not a PV panel that works properly, so 
the PV panel has not been studied in depth. That is another thing that can be done so the ST is 
prepared to orientate any kind of PV panel provided that it has similar sizes.   
 
In terms of environmental consciousness it is seen that the whole materials of the project are 
very easy to recycle and they have non-contaminant substances except from the batteries. 
Adding that it saves electrical energy providing from other contaminating sources we can 
finally conclude that it does not damage the nature. 
The final budget of the ST is quite high but taking into account that 2/3 of the budget is 
designated to the study and design it is not so expensive. If lots of ST are built this cost is 
partitioned into all them and the final price of it decreases a lot. With the fictitious business 
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plan it is seen that it would be amortized in four years with a price of 185€ and a prevision of 
sells of 70, 80, 90 and 100 ST each year. All this without taking into account that the 
manufacturing costs decrease when a product is done in big quantities. 
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